The removal of toxic heavy metals Cr(III), Cr(VI), Cd(II) and Zn(II) from aqueous solution by sugar palm (Arenga pinnata) fruit shell has been examined. Adsorption factors consisted of solution of pH, mass of biosorbent as well as initial metal concentration. The Langmuir isotherm was used to study the adsorption mechanism. Moreover, characterization of sugar palm fruit shell was investigated using Fourier transform infrared spectroscopy and surface morphology was checked using scanning electron microscope. The removal percentage at maximum conditions were: 0.28, 0.52, 0.43 and 0.58 mg g À1 for Cr(III), Cr(VI), Cd(II) and Zn(II), respectively. Desorption study was carried out by using nitric acid at a range of pH 1-4. This work shows that the performance of biosorption of metals by A. pinnata has many advantages, such as good removal and deremoval efficiencies.
INTRODUCTION
Heavy metal pollution is a threat to human health, animals and the ecosystem, mainly caused by rapid industrial and technology activities and their consequences and poses a serious environmental problem (Munaf & Takeuchi ) . Biosorption is a term that describes the removal of heavy metals by the passive binding to non-living biomas from an aqueous solution (Volesky ) . Researchers have used different kinds of biological and/or agricultural byproduct material for the removal of metal ions such as brown algae (Davis et al. ) , marine macrophytes (Pennesi et al. a, b) and lichen (Sari & Tuzen ) .
as an organic roof material and bark for barriers, flooring, furniture and tool handles. The sweet sap is used as a favourite drink such as vinegar and sugar. Moreover, the fruit of A. pinnata (Figure 1(a) ) can be processed for making pickles, juices, desserts, for canned foods, and also cooked for making traditional sugary syrup (Ishak et al. ) . Scattered almost all over parts of Indonesia, especially in Papua, Maluku, West Sumatra, West Java, Central Java, Banten, Sulawesi, Bengkulu and Nangroe Aceh Darussalam province, the total production of sugar palm fruit is approximately ten thousand tons per year. Most of the A. pinnata shells (Figure 1 
MATERIALS AND METHODS

Treatment of sugar palm (A. pinnata) fruit shells
A. pinnata fruit shell, a byproduct of sugar palm fruit, was collected from the central production of sugar palm in Batusangkar district, West Sumatra Province, Indonesia. The epicarp (shell) of A. pinnata fruit was separated from the fruit and the shell was extensively washed with doubly distilled water to remove dirt and sand and other particulate material from the surface. After that it was dried at room temperature. Dried fruit shells were cut, ground in a pestle and mortar to make a powder (Figure 1(c) ) and sieved to a particle diameter 250 μm. The biosorbent was stored in a bottle for use as a sorbent. The biosorbent was soaked with 0.1 mol l À1 nitric acid for around 4 hours and then filtered. Finally, it was washed with ultra-pure water until neutral, dried at room temperature and stored in a bottle for use as a sorbent.
In order to identify the active sites of shell investigated as well as the change in chemical bonding after contact with heavy metal ions, these samples were characterized using Fourier transform infrared (FTIR) spectroscopy. The surface morphology of sugar palm fruit shell of untreated and Cr loaded A. pinnata fruit shell was examined using scanning electron microscopy (SEM). Cd(II) and Zn(II) working standard solution was prepared from 1,000 mg l À1 stock standard solution.
Removal studies
Dried sugar palm fruit shell was soaked with 0.1 mol l À1 nitric acid for around 4 hours, and then filtered and finally washed with ultra pure water until neutral and dried at room temperature. Working standard solution was prepared from a 1,000 mg l À1 stock standard solution of Cr(III), Cr(VI), Cd(II) and Zn(II). Sorption capacity of A. pinnata 
FTIR analysis
FTIR spectral analysis of powdered A. pinnata fruit shell was done before and after Cr(III) was loaded to determine the functional groups involved in the biosorption process of heavy metals. The surface morphology was measured by SEM.
Desorption studies
Desorption experiments were done using different concentrations of nitric acid to remove the adsorbed metal ions from A. pinnata fruit shell biosorbent.
RESULTS AND DISCUSSION
Characteristics of A. pinnata fruit shell
The infrared spectral analysis was carried out to determine the type of functional group involved in the biosorption process. The results are shown in Figure 2 . FTIR spectra of unloaded biosorbent and Cr(III) loaded biosorbent were recorded in the wave number range 4,000-400 cm À1 . As shown in Figure 2 (Figure 2(a) ) shifted to 3,420 cm À1 (Figure 2 
Scanning electron microscopy analysis
The SEM is one of the most useful tools for studying the sur- 
where Q ¼ uptake of metal ion (mg g À1 ), C ¼ final concentration at equilibrium (mg l À1 ) and b ¼ constant related to energy of adsorption (l mg À1 ). The equation assumes that the surface of biosorbent consists of adsoption sites where metal ions interact only with a site and adsorption process is limited to monolayer (Febrianto et al. ) .
Desorption of Cr(III), Cd(II) and Zn(II) by nitric acid
The results of desorption study of Cr(III), Cd(II) and Zn(II)
by the nitric acid solution as eluent is shown in Figure 8 .
Desorption studies are important to determine the feasibility of regenerating metal ions adsorption in biosorbent and to elucidate the mechanism of biosorption. The study was carried out using 1, 2, 3 and 4 solutions of pH as eluent. From the results shown in Figure 8 , it was observed that the desorption efficiencies, i.e., percentage removal of Cr(III), Cd(II)
and Zn(II) by A. pinnata fruit shell decreased from pH 1 to pH 4. The results indicated that at a lower pH, the A. pinnata fruit shell biosorbent was covered by H þ ions while the coordination spheres of Cr(III), Cd(II) and Zn (II) ions were disrupted, resulting in the release of Cr(III), Cd(II) and Zn(II) ions from biosorbent surface.
CONCLUSIONS
A. pinnata fruit shell effectively removed toxic heavy metals Cr(III), Cr(VI), Cd(II) and Zn(II) from aqueous solution through adsorption couple reduction mechanism. To quantitatively evaluate the removal percentage of the metal ions investigated, some variables such as solution of pH, mass of A. pinnata fruit shell, initial concentration and Langmuir isotherm model were examined. The removal percentage at maximum conditions are: 0.28, 0.52, 0.43 and 0.58 mg g À1 for Cr(III), Cr(VI, Cd(II) and Zn(II), respectively. The present biomaterial could be used for the removal of toxic metals from aqueous solution. Future work could be carried out to improve the sorption capability, such as using catalytic agents and modifying the functional groups to enhance the sorption capacities.
